More therapeutic options (surgical and pharmacologic) are available for partial than for generalized epilepsies. This report describes and analyzes a possible bias to diagnose focal epilepsies. Data were prospectively collected on patients who underwent noninvasive prolonged EEG-video monitoring over a 2-year period at an epilepsy program. Cases where the diagnosis of 'partial seizures' (after monitoring) was questionable were identified and the data reviewed. Sixteen cases were identified. (a) Six had an idiopathic generalized epilepsy. All had generalized tonic-clonic (GTC) seizures, two had myoclonic seizures, and three had typical absences. All patients had generalized spikes and spike-wave complexes. All had normal IQs and normal brain imaging. One patient underwent invasive EEG. (b) Ten patients had a symptomatic or cryptogenic generalized epilepsy. IQs ranged from 49 to 74 (mean: 63). All patients had diffuse EEG slowing, and generalized ictal EEG patterns. Interictal EEG showed generalized spike-wave complexes in nine, and multifocal spikes in five. Seizures included GTC in all, generalized tonic in four, and atypical absences in two. Two of the 10 patients underwent invasive EEG. The misdiagnosis of generalized epilepsy as partial epilepsy occurs for both idiopathic and cryptogenic or symptomatic generalized epilepsies, more often in the latter case. Risk factors may include: asymmetry in EEG or seizure semeiology, the eagerness to enroll in drug studies or surgical programs, and the lack of team thinking involving several epileptologists. This problem is almost certainly under-reported and may occasionally result in unwarranted invasive procedures.
Introduction
The International Classification of Epileptic Syndromes and Epilepsies 1 divides epilepsies into partial and generalized epilepsies. It also has a second essential dichotomy, within both partial and generalized epilepsies, between the age-related idiopathic epilepsies on the one hand, and the symptomatic or cryptogenic epilepsies on the other. Although its use is less widespread than that of the seizure classification 2 , it is the most useful for the care of patients [2] [3] [4] [5] [6] [7] .
More therapeutic options are available for partial than for generalized epilepsies, and this is true of both surgical and medical treatments. By far the most common surgery performed for epilepsy is a focal * Presented at the Annual Meeting of the American Epilepsy Society, Boston, December 10, 1997 , and at the Ninth Cleveland ClinicBethel International Epilepsy Symposium, Cleveland, OH, June 1998. resection 8, 9 . All recently released antiepileptic drugs (AEDs) are approved as adjunctive treatment for partial epilepsies 10 , and the majority of ongoing drug trials are also for partial epilepsies 10 . Similarly, an entirely new modality, vagus nerve stimulation, was recently approved in the USA for partial epilepsy. This plethora of therapeutic options may result in some bias to diagnose partial epilepsies, but this issue has not been studied. The objective of this report is to describe and analyze this possible bias.
Materials and methods
Data were prospectively collected on patients who underwent prolonged EEG-video monitoring over a 2-years period at an academic epilepsy program (Wisconsin, USA), and whose final diagnosis was 'partial seizures'. Cases where the diagnosis of 'partial Cz-C3   C3-T3   T3-T1   T1-FP   T2-T4   T4-C4   C4-Cz   F7-T3   T3-T5   T5-O1   F8-T4   T4-T6   T6-O2   Fp2-F8   Fp1-F7   FPZ-TZ   200µv 1 sec seizures' was questionable were identified and the data reviewed. Patients were included in this series if the global data met criteria for a generalized rather than partial epilepsy. Data for epilepsy classification included clinical information, EEG (interictal and ictal), seizure semeiology (video), neuroimaging, and neuropsychology. Epilepsies were classified according to the criteria of the International League Against Epilepsy 1 . Data were acquired digitally (Telefactor), and post-hoc reformatting was performed when necessary for further review.
Results
Sixteen cases were identified. (a) Six had an idiopathic generalized epilepsy. Age of onset ranged from 9 to 23 years (mean: 13). All had generalized tonic-clonic (GTC) seizures, two had myoclonic seizures, and three had typical absences. One had a family history of epilepsy. One met criteria for childhood absence epilepsy, and one for juvenile myoclonic epilepsy (JME). All patients had generalized spikes or spike-wave complexes. All had normal IQs and normal brain imaging. One patient underwent invasive EEG. Figure 1 shows a sample of surface EEG of a patient with an idiopathic generalized epilepsy, and figure 2 a sample of subdural EEG in the same patient.
(b) Ten patients had a symptomatic or cryptogenic generalized epilepsy. Age of onset ranged from birth to 13 years (mean: 5). IQs ranged from 49 to 74 (mean: 63). All patients had diffuse EEG slowing, and generalized ictal EEG patterns. Interictal EEG showed generalized spike-wave complexes in nine, and multifocal spikes in five. Seizures included GTC in all, generalized tonic in four, and atypical absences in two. Two of the 10 patients underwent invasive EEG, and four were enrolled in AED studies for partial epilepsies. Figure 3 shows a sample of an EEG on a patient with a symptomatic generalized epilepsy.
Discussion
With the recent proliferation of centers interested in epilepsy surgery, and the emergence of new AEDs, there are more therapeutic options for partial than for generalized epilepsies. Thus, it is understand- able that physicians may develop a bias toward diagnosing partial rather than generalized epilepsies. Although this was not a scientifically designed study, this report suggests that the misdiagnosis of generalized as partial epilepsy may not be a rare occurrence. For obvious reasons, it is almost certainly under-reported. Although the distinction between the two broad types of epilepsy (partial vs. generalized) is not always clearly defined 1 , all cases in this series showed rather compelling evidence for generalized epilepsy. Fortunately invasive studies are rarely performed on patients with generalized epilepsies. The one case with idiopathic generalized epilepsy studied invasively (Fig. 2) showed features consistent with what has been previously reported 12 . The misdiagnosis was somewhat more likely to occur in the symptomatic/cryptogenic type, rather than the idiopathic type of generalized epilepsy. This is not unexpected because patients with symptomatic generalized epilepsies, even with the best defined type such as the Lennox-Gastaut syndrome, may occasionally have focal spikes 13 and partial onset seizures 14, 15 , especially as they age 12 . However, focal seizures in this setting are usually multi-focal, and associated with other clinical and EEG evidence of diffuse brain abnormalities 13, 16 , thus justifying a diagnosis of generalized epilepsy 1 .
Several semeiological pitfalls may theoretically constitute risk factors for such misdiagnosis. The presence of clinical or EEG asymmetries may be misleading. However, it has been described in the most well-defined idiopathic generalized epilepsies such as JME 17, 18 . Furthermore, focal spikes or sharp waves can occur in idiopathic generalized epilepsies, as has been well documented recently 19 . Therefore, such features are not sufficient in themselves to make a diagnosis of 'partial seizures', and should be interpreted with caution when the majority of the data (generalized EEG slowing, low IQ) point to a generalized syndrome. Another pitfall is that tonic seizures are very common in the symptomatic generalized epilepsy, and can occasionally be misinterpreted as evidence of partial onset in the supplementary motor area 20 , as occurred in four patients. However, there are dramatic clinical and EEG differences which should prevent any confusion between these entities, as has been pointed out previously 20, 21 . Again this emphasizes the importance of interpreting seizure types in the context of a more global syndromic approach. Another risk factor deals with the montage used for EEG interpretation. In this series, most EEGs were initially reviewed using an atypical montage (Fig. 1) which does not include F3 and F4 where generalized epileptiform abnormalities are usually maximal. This and the fact that partial epilepsies are by far the most common type to begin in adulthood, may result in a bias toward partial epilepsies, especially in settings dealing exclusively with adults, as was the case in this series. Some of these 'red flags' have been previously pointed out 22 .
These errors in diagnosis also illustrate that using a diagnosis of seizure type exclusively, and no syndromic diagnosis, may overshadow the global picture and be detrimental to patient care, as has been emphasized previously 2-4, 18, 23 . Indeed, most cases here had a diagnosis of 'partial seizures' but no syndromic classification.
Among the various types of errors in diagnosis that have been described, the one described in this report would be best categorized as an error 'in application of clinical axioms 24 . Another type of diagnostic error has been attributed to bias 25 , or the application of a simplistic rule (e.g. all epilepsies in adults are partial) to complex situations. Indeed human or psychological factors may play a role in the bias. These may include the eagerness to offer active treatment to the patients and their families. A diagnosis of partial epilepsy opens the door to many antiepileptic drug trials, and to the possibility of epilepsy surgery, while a diagnosis of generalized epilepsy results in more limited treatment options. Furthermore, drug studies and presurgical evaluations are a substantial source of revenue for epilepsy centers, and this may result in an unconscious bias. This bias could even be conscious and worse in settings with a direct financial incentive, which was not the case here.
As mentioned above, the distinction should be easy most of the time, and it is likely that misinterpretations such as those described here could not take place in a center where a group of epileptologists are involved in management decisions.
The consequence of this bias towards partial epilepsies can be dramatic. First, it may result in inappropriate enrollments in drug studies, which seriously contaminates scientific data. More importantly from the patient's perspective, it may result in unnecessary evaluations for surgery, including invasive procedures as was the case in some of the patients here. The problem of inappropriate surgical procedures is of course not specific to epilepsy, and has been examined in various specialties [26] [27] [28] [29] [30] [31] [32] [33] . It varies widely, and has been estimated at 1.6-2.4% for coronary artery bypass 29, 30 , 2% for cataract surgery 33 , 4% for percutaneous transluminal coronary angioplasty 26 , 16% for hysterectomy 31 , 18% for carotid endaterectomy 27 , and 38% for lumbar spine surgery 28 . The rate of inappropriate surgical procedures in epilepsy has not been examined. Yet, the field of epilepsy surgery is in a unique situation which may place it at increased risk for inappropriate invasive procedures. In most specialties, the surgeon who operates plays an active role in the decision to operate. By contrast, with epilepsy surgery (invasive EEG or therapeutic operations), and despite recent advances in neuroimaging, EEG plays a critical role in the diagnosis and localization of seizures [34] [35] [36] . As even the best epilepsy surgeons cannot be expected to be EEG experts, they have to rely on the epileptologist.
In conclusion, the misdiagnosis of generalized epilepsy as partial epilepsy is probably an underestimated problem. It is important to recognize factors that may predispose to it. Its most dramatic consequence is inappropriate invasive procedures. Appropriateness studies should be conducted in our young field of epilepsy surgery, as they are in many other disciplines [26] [27] [28] [29] [30] [31] [32] [33] . Other measures could include that surgical decisions always be made by a group of epileptologists, and perhaps the publication of practice parameters or guidelines.
